Voltammetry in CH 3 CN
] solution in acetonitrile are presented in Fig. S1 . The limiting current values increased with the size of the electrode. The correlation between the limiting current and electrode radius is shown in Fig. S2 . It is linear as expected from the microelectrode equation.
The same series of measurements was made for 2.5 mM and 5.35 mM solutions of [Ag(CH 3 CN) 4 ] [BF 4 ] in acetonitrile. The limiting currents, overpotentials, differences between the equilibrium and stripping peak potentials, and the average stripping to deposition charge ratios are given in Table S1 . The diffusion coefficient estimated for the 2. The experiments in the supercritical CO 2 /CH 3 CN are carried out at 308 K. Figure S4 shows a comparison of the voltammetry at 298 K and 308 K in CH 3 CN. In order to verify the possible influence of the free PPh 3 in the solution, cyclic voltammetry was carried out on a 5 mM PPh 3 solution at a 12.5 μm Pt disk, Fig. S6 . A large reduction wave was observed on the cathodic scan, followed by a nucleation loop, and a small stripping peak and an oxidation wave on the anodic scan. The charge of stripping (3.5 nC) corresponded to the oxidation of the species deposited at the electrode surface. This charge indicated the formation of a very thin (< 1 nm) layer of deposit. The large reduction wave, which starts below -0.4 V vs. Pt corresponds to the reduction of triphenylphosphine.
[1] Saveant and Binh reported that the electrochemical reduction of triphenylphosphine in acetonitrile leads to the catalytic reduction of the tetraalkylammonium cation of the supporting electrolyte.
In the mechanism they proposed, [1] the triphenylphosphine (PΦ 3 ) is first reduced to an anion radical (PΦ 3 -, reaction (1)). This anion radical carries out nucleophilic attack on the tetrabutylammonium cation forming a butyl-triphenylphoshine radical (BuP (2)). The radical continues to react in solution to produce, in one reaction, butyl-diphenylphosphine (BuPΦ 2 ) and a phenyl radical (Φ • , reaction (3)); and in a second reaction triphenylphosphine (PΦ 3 ) and a butyl radical (Bu • , reaction (4)). The phenyl and butyl radicals can go on to react with the triphenylphosphine anion radical formed at the electrode to produce triphenylphosphine, phenyl anion, and butyl anion. The butyl radical can also dimerize in solution. This mechanism explains the catalytic effect of the triphenylphosphine and, in our experiments, the increasing current observed after the silver reduction wave.
The oxidation above 0.2 V vs. Pt in Fig. S6 corresponds to the formation of the triphenylphosphinium cation radical, which reacts with Ph 3 P to form a phosphonium cation. [2] This reaction is followed by the oxidation of acetonitrile above 0.9 V vs. Pt. [3] The products of the triphenylphosphine reduction followed by the catalytic process postulated by Saveant and Binh [1] (EC' mechanism) appear to adhere to the electrode surface.
In addition, during some of the experiments in acetonitrile, fine bits of white powder were observed in the bulk solution and the bottom of the glass cell. This was attributed to the formation of triphenylphosphine oxide (OPPh 3 ) by electrochemical oxidation of triphenylphosphine and by reaction with residual oxygen. [2, 4] During the deposition of silver from [Ag(hfac)(PPh 3 )] there will also be hexafluoroacetylacetonate (hfac) present in solution. The electrochemistry of the protonated ligand (Hfac) was examined in acetonitrile, Fig. S7 . In the literature, it is reported that the reduction of Hfac in acetonitrile occurs at -0.97 V vs. Ag/Ag + and the oxidation at 1.09 V vs. Ag/Ag + (ΔE = 2.06 V). [5] In our experiments the reduction of Hfac was observed at -0.6 V vs. Pt, while the oxidation at approximately 1.4 V vs. Pt (ΔE = 2.0 V). The reduction of Hfac promotes the reduction of acetonitrile as the generated protons can react with acetonitrile to form either amine or imine type compounds. [6] This reduces the potential window. , at 297±1 K. Figure 5 in the main text. Figure S10 shows the third scan, compared to the first scan shown in Figure 6 of the main text the reduction wave is much more clearly defined and the overpotential increases significantly, Table S3 . approximated to the current at the base of the reduction wave. These currents most probably contain migration contributions (low conducting medium) and in some cases contribution from convection (e.g. resulting from uneven temperature in the cell and the low solvent viscosity). Apparent diffusion coefficients were estimated with the assumption that the current at the bottom of the reduction wave (not applicable in some cases, e.g. , and are all higher than the estimated (2.5±0.3) x 10 -5 cm 2 s -1 for acetonitrile solution at room temperature and 3.0 x 10 -5 cm 2 s -1 for acetonitrile solution at 308 K. There is not sufficient data to distinguish any significant trends relating to temperature, pressure or electrolyte concentration. Table S4 also gives the values of nucleation overpotential, and the differences between the equilibrium and anodic peak potentials, ΔE (eq-pa) . The nucleation overpotential values range from 61 to 208 mV, and increases with pressure. The system at a relatively low pressure of 90 bar and high temperature (in this work) of 313 K had the lowest electrodeposition overpotential but also one of the lowest diffusion coefficients. In the supercritical fluid, unlike the acetonitrile solutions, all overpotential values were lower than the respective ΔE (eq-pa) values which were in the range 120 and 484 mV indicating that a more positive potential was required to strip the silver deposit off than in acetonitrile. This is not surprising because the stripping reaction required CH 3 CN ligands for the Ag + and there are only approximately 15% v/v of the supercritical. The Faradaic efficiency was only between 21 and 60%. We attribute this to two reasons: first the poor adhesion of deposit at the electrode surface (small particles of shiny material were found in the reactor at the end of the experiment), and second to significant growth of the deposit beyond the perimeter of electrode. Fig. S17 . The transient currents were erratic and fluctuated around a maximum, which indicated a limitation to the deposition process. The current was limited probably due to the products of the counter reaction blocking the platinum counter electrode. The product of the counter reaction was a dark deposit consisting of C, F and O. If the deposit insulated the parts of the counter electrode that it covered, it would limit the rate of silver deposition. The erratic transients could also be a result of the formation an insulating layer and/or convection in the supercritical fluid.
The electrodeposition times from the [Ag(hfac)COD] precursor solutions in the scf were kept short (2-3 min) due to the excessive formation of the by-product on the counter electrode. [7] The SEM images of the 2.7 micron thick deposit are presented in Figs. S17b-e. The deposit consists of a uniform layer with larger 0.5-2 μm diameter grains on top of it. The EDX analysis of the silver deposit on platinum is presented in Fig. S17f and indicates a film with low impurity content. 
Electrodeposition of silver from [Ag(hfac)(PPh 3 )] (3)
The electrodeposition transients, SEM images and EDX analysis for two silver deposits from the scf are presented in Figs. S18 and S19. The first deposition was carried out at 307 K and 127 bar, while the other at 317 K and 150 bar, at the same deposition overpotential of 0.1 V. The transient features for both are similar with the current continuously increasing from the start of deposition, with the deposition rate higher at the higher temperature. The EDX analyses of the deposits in Figs. S18b and S19b, show no impurities at the level of detection of the instrument. The SEM images of the two deposits, Figs. S18c,d and S19c-f, show smooth films with grains below a micron in size and particles up to 5 microns in diameter randomly distributed on top of the films. These particles are much fewer than those seen on the deposit from [Ag(hfac)(COD)].
Summary
The above and other data obtained from the SCFED experiments with the three silver complexes at 0.5 mm platinum and silver disks are presented in Table S6 . The table contains details of deposition conditions, charges passed during deposition, estimated film heights and average growth rates. The concentration of silver complexes in the sc solutions was approximately 5-6 mM. The acetonitrile content was between 15 and 17 % v/v (12 and 13.4 %w), the temperatures varied from 304 to 320 K, and pressures were between 105 and 152 bar. Silver films were deposited at Pt and Ag working electrodes, 3 ligand is electrochemically active in the silver deposition range significantly reducing the deposition efficiency and complicating the deposition process. 
SCFED of silver into AAO membranes
Fig S20 SEM of anodic alumina membranes (Synkera) with nominally 50 nm pores (as assessed by Synkera using gas permeance measurements). Samples were sputtered with 2-5 nm of gold before imaging in a JEOL JSM 6500F field emission gun microscope.
